The high resolving power of the electron microscope offers an opportunity to extend the study of intracellular organization to the'finest structural components of protoplasm. Before this can be accomplished, however, methods must be found whereby specimens of cellular material prepared for examination can be made thin enough to accommodate the relatively low penetrating power of electrons, and permit differential absorption and scattering by which variations in structure can be revealed. When dealing with the contour of relatively coarse structures specimens 300 to 500 m/~ thick may prove satisfactory, but in general it is found that the finer the object to be resolved, the thinner the preparation to be made in order to reduce as much as possible the over-all scatterhag of electrons and obtain the necessary contrast. So far, three methods have been employed in preparing material for electron microscopy; each of these methods possesses advantages of its own and they have been used with variable success. One method consists in separating the cell elements by teasing (1) or by means of differential centrifugation (2), and examining directly in the electron microscope the structures so isolated. Recent work has shown that the extended parts of individual cells grown in tissue culture are suitable for electron microscopy (3), and in this case, it is possible to study the various constituents of cytoplasm in their original environment. These two methods are not of general application however, and it is apparent that electron microscope studies of resting and mitotic nuclei, of differentiated cells, and of whole organs will depend to a great extent, as in the case of ordinary light microscopy, on our ability to use fixed tissues and to make sections of the required thinness.
and their hver and mesentery were exposed. The liver was perfused immediately with Ringer's or Tyrode's solution, through the portal vein or the vena cava, until the outcoming fluid appeared to be practically free of blood, the operation taking about 5 minutes. Fixation was achieved by replacing the perfusion fluid in the liver with a 2 per cent osmic acid (osmium tetroxide) ~ solution in distilled water, 20 to 25 cc. of the fixing fluid being forced through the organ. The main vessels were then clamped in order to leave the liver capillaries filled with the fixing solution, and the organ was stored at 4°C. for 24 hours. At the end of this period portions of liver which appeared thoroughly and uniformly fixed, as indicated by a solid black color, were selected, and the tissue, in blocks 3 to 4 ram. thick, was dehydrated through increasing concentrations of alcohol in the usual manner.
g.mbedding.--Preparation of sections from embedded tissue must be followed by removal of the supporting material, prior to examination in the electron microscope. In the case of paraffin, surface forces acting during evaporation of the solvents often led to complete destruction of the specimen. In order to avoid this effect, sublimating substances were tried as embedding medium, with satisfactory results.
In this work the embedding material was an eutectic mixture consisting of 62 parts of d-camphor and 38 parts of naphthalene 3 by weight, this mixture melting as a single compound at 32.5°C. Impregnation was carried out by passing the pieces of fixed and dehydrated tissue successively from absolute alcohol through baths of the camphor-naphthalene dissolved in absolute alcohol (equal parts) at room temperature for 3 to 5 hour periods, then through baths of melted camphor-naphthalene, at 37°C. During embedding solidification was hastened by chilling, with the design of promoting the formation of a fine crystalline texture within the block. Since a characteristic property of the camphor-naphthalene embedding mixture is to sublime readily under ordinary conditions of temperature and pressure, the blocks of embedded tissue were stored in sealed jars at 4°C. In the solid state the eutectic camphor-naphthalene mixture is an opaque, somewhat greasy material which lends itself to sectioning by the ordinary techniques in use in the preparation of specimens for light microscopy, and which can be substituted for paraffin with advantage in the preparation of thin sections for electron microscopy.
Sectioning.--Microtomes of various types in current use in biological laboratories are designed to make sections no thinner than 1/z. While no special difficulties are encountered in obtaining sections as thin as this by means of existing instruments, efforts to adapt ordinary techniques to the preparation of sections appreciably thinner, and suitable for electron microscopy, have been unsuccessful. In the present work, sections 0.3 to 0.6/z thick were made by means of a rotating, high-speed type microtome, with the cutting blade revolving at the rate of 49,000 R.p.~t., the block of embedded tissue being moved toward the knife by a mechanism that provided continuous feeding. 4 The sections were collected directly on a strip of fine wire mesh coated with a film of plastic (Formvar), and curved concentrically close to the path of the revolving knife. Sections judged to be suitable for study were selected by inspecting the wire mesh strip under the light microscope, and punching out the areas supporting the desired sections. The embedding camphor-naphthalene material was allowed to sublime at atmospheric pressure, or in *aeuo, the tissue sections being then ready for examination in the electron microscope.
Control sections for light microscope study were prepared as follows: Pieces of tissue obtained from the same guinea pig liver, similarly fixed by perfusion with osmic acid solution and
The reaction of a 2 per cent solution of osmium tetroxide (so called osmic acid) in water or saline is practically neutral.
s The eutectic compound was selected by Miss Mary Schuster, Interchemical Corporation, New York. 4 The instrument used in sectioning has recently been described in detail by one of us (7).
embedded in camphor-naphthalene, were sectioned at 1 # on a Spencer microtome, 6 and following the removal of the embedding material through sublimation, the sections were stained with iron-hematoxylin, according to Regaud's technique, dehydrated, and mounted in Canada Balsam, in the usual manner.
RESULTS Fig. 1 shows a 1/~ thick section of guinea pig liver, photographed under a light microscope at 1000 magnification, and enlarged to 2000. The blood capillaries in the section appear distended and empty, as a result of perfusion. Fine bile ducts, in lengthwise or cross-section , can be seen depressing the surface of contiguous liver cells. The nuclei of the hepatic cells show the usual pattern of nucleoli and precipitated chromatin. In the cytoplasm the large, sometimes elongated bodies, approximately 0.5 to 0.6 ~t in width, are mostly mitochondria. 6 The rest of the cytoplasmic area is occupied by a material commonly referred to as the fundamental ground substance; under the light microscope this material appears as structureless. Fig. 2 is an electron micrograph of a high-speed microtome section, about 0.5 tt thick, of the same guinea pig liver. The picture was made at an original magnification of 1650 and enlarged to 5000. In this micrograph the nuclei show conspicuous nucleoli, and a well defined membrane; no other details of interest are revealed, however, possibly because osmic acid is a poor fixative of chromatin. Mitochondria, the large bodies seen in the cytoplasm, are too dense to permit the detection of internal structure.
The high resolving power of the electron microscope is demonstrated by the particulate appearance of the ground substance, which seems to consist everywhere of discrete elements of nearly uniform size and, roughly, 80 to 100 m/~ in diameter. This aspect contrasts with the amorphous appearance of the ground substance as observed under the light microscope (Fig. 1) . On the other hand, the present observation is in agreement with previous work in which it was found that one of the components of the ground substance may occur in the form of particulate units, as indicated by the fact that it can be segregated within the cell by high-speed centrifugation (8) . Such "submicroscopic" elements, or microsomes, have been isolated from liver cells (9, 10) and in size they correspond approximately to the small, particulate elements detected in the cytoplasm by electron microscopy (Fig. 2). t The instrument used was the laboratory microtome No. 646, manufactured by the Spencer Lens Co., Buffalo, New York.
6 The guinea pig livers were obtained from animals fed an abundance of their normal diet, shortly before the organ was removed. It has been found that under such circumstances the cytoplasmic areas next to the capillary bile ducts generally appear practically free of "secretory granules" (Fig. 1) while typical, elongated mitochondrla are located at the periphery of the cell (10) . In such livers, therefore it would seem that the large inclusions detected in the cytoplasm may be considered to represent mitochondrla predominantly.
The examination of electron micrographs reveals the presence in the cytoplasm of hepatic cells of another component, also situated in the ground substance, which presents a fibrous texture and in which some of the microsomes appear to be embedded. This fibrous material is discernible in Fig. 2 , but is more clearly visible, at higher magnification, in Fig. 3 . A similar but coarser fibrous material is often seen under the light microscope in tissues treated with certain fixatives, especially those containing acid. There is no reason to believe, however, that living cytoplasm actually contains a fibrous component in this form, and it is probable that the one disclosed by the electron microscope is an artifact possibly produced in the course of the preparation of the specimen by alcohol precipitation and dehydration. Perhaps the network seen in the electron micrographs corresponds to the fibrous component currently supposed to exist in living cells (11) and to be responsible for the reversible gelation exhibited by active protoplasm.
DISCUSSION
Success in the preparation of sections suitable for electron microscopy appears to depend not only on the availability of a device capable of cutting cells to the desired thinness but, in a considerable degree, on the type of fixation and embedding to which the tissue must be subjected prior to sectioning. In the present work the best results, at least as far as the cytoplasm is concerned, have been obtained with tissue submitted to osmic acid fixation. It is apparent, however, that other fixatives must be sought if the various cell structures, especially those pertaining to the nuclei, are to be revealed.
In the liver sections examined many parts of the cells remain too thick to permit the differential penetration of electrons; thus, for exampld, mitochondria arc completely opaque to the electron beam. On the other hand, it is possible to study the ground substance, electron micrographs revealing the presence of numerous small elements, approximately I00 m/~ in diameter, distributed throughout the cytoplasm. This finding would seem to support previous work from this laboratory in which a particulate, submicroscopic component of the cytoplasm has been isolated by means of differential ccntrifugation at high speed (8, 9) . S~ARY I. A method is described whereby sections of guinea pig liver ceils can be prepared for electron microscopy after fixation.
2. The high resolving powerof theelectronmicroscope reveals the presence of two components, one particulate, the other apparently of fibrous texture, in the ground substance of the cells, The ground substance appears uniform and structureles §. FIG. 2 . Section of guinea pig liver fixed by perfusion with osmic acid; embedded in camphor-naphthalene; unstained. Rotary high-speed microtome section, 0.5 ~ thick. Electron micrograph made at 1650 X enlarged to 5000.
The high resolving power of the electron microscope reveals structures in the ground substance, namely, small particles of apparently uniform size and distribution (microsomes) embedded in a fibrous network (see Fig. 3 ).
FIo. 3. Guinea pig liver fixed by perfusion with osmic acid; dehydrated in alcohols; embedded in camphor-naphthalene. Rotary high-speed microtome section, 0.4 thick. Electron micrograph taken at 1650 X enlarged to 10,000.
The micrograph shows one of the components of the ground substance situated between nucleus and cell wall to be of fibrous structure apparently.
